Introduction {#s0001}
============

Gastric cancer is the fifth most common malignancy and the third leading cause of cancer death worldwide.[@cit0001] It is also one of the most common malignant tumors in China. Statistics released in 2019 showed that the morbidity and mortality of gastric cancer rank second and third in the country, respectively.[@cit0002] Treatments for gastric cancer include surgery, chemotherapy, radiotherapy, targeted therapy, and immunotherapy. To date, curative resection has been considered the only way to cure gastric cancer. Approximately 60.8% of patients with gastric cancer in China will experience recurrence, and 42.5% of patients experience recurrence within two years after curative resection. The recurrence of tumors has become the main cause of death for patients with gastric cancer.[@cit0003] This study retrospectively analyzed the clinicopathological factors of 149 patients with recurrence after curative resection. The parameters that determined the timing of recurrence and their association with prognosis were investigated by univariate and multivariate analyses. The findings of this study are helpful for predicting whether patients will experience early recurrence after surgery. Taking effective measures accordingly may prevent early recurrence and improve survival.

Patients and Methods {#s0002}
====================

Patients {#s0002-s2001}
--------

Between October 2006 and August 2018, a total of 149 patients with recurrence of gastric cancer/adenocarcinoma of the esophagogastric junction after curative resection (R0 resection) were enrolled from our treatment group ([Table 1](#t0001){ref-type="table"}). All of these patients underwent lymphadenectomy higher than D2 (complete removal of group 1 and 2 lymph nodes). All patients' clinicopathological characteristics, including gender, age at surgery, histological type, perineural invasion, lymphovascular invasion, depth of invasion (T stage), lymph node metastasis (N stage), TNM stage (according to the 8th Edition of the American Joint Committee on Cancer staging manual),[@cit0004] postoperative chemotherapy, recurrence patterns, tumor location, postoperative complications, and survival data, were retrospectively reviewed based on operative notes, medical records and telephone follow-ups. Among 123 patients who received postoperative adjuvant chemotherapy, 26 patients (21.1%) received chemotherapy containing S-1 and oxaliplatin (SOX), 22 patients (17.9%) received chemotherapy containing fluorouracil and oxaliplatin (FOLFOX), 21 patients (17.1%) received chemotherapy containing fluorouracil and paclitaxel, 10 patients (8.1%) received chemotherapy containing capecitabine and oxaliplatin (XELOX), and 44 patients (35.8%) received other regimens.Table 1Clinicopathological Characteristics of 149 PatientsClinicopathological Characteristicsn (%)Gender Male106 (71.1) Female43 (28.9)Age at surgery, years, median (range)54.8 (20--78)Histological type Well-differentiated tumors36 (24.2) Poorly differentiated tumors113 (75.8)Perineural invasion Negative70 (47.0) Positive79 (53.0)Lymphovascular invasion Negative68 (45.6) Positive81 (54.4)Depth of invasion (T stage) T15 (3.4) T211 (7.4) T338 (25.5) T495 (63.7)Lymph node metastasis (N stage) N025 (16.8) N113 (8.7) N243 (28.9) N368 (45.6)TNM stage I10 (6.7) II19 (12.8) III120 (80.5)Postoperative chemotherapy 026 (17.4) 1--3 cycles32 (21.5) ≥4 cycles91 (61.1)Postoperative complications Negative141 (94.6) Positive8 (5.4)Tumor location Upper53 (35.6) Middle55 (36.9) Lower37 (24.8) Entire4 (2.7)Recurrence patterns Locoregional recurrence33 (22.2) Hematogenous metastasis32 (21.5) Distant lymphatic recurrence0 Peritoneal implantation34 (22.7) Multiple recurrence patterns50 (33.6)[^1]

Clinicopathological Factor Identification {#s0002-s2002}
-----------------------------------------

The patients were divided into 2 groups: the early recurrence group, which included patients who had recurrence within 2 years after curative resection, and the late recurrence group, which included patients who had recurrence more than 2 years after curative resection. Well-differentiated tumors included papillary carcinoma and highly or moderately differentiated tubular adenocarcinoma. Poorly differentiated tumors included low differentiated tubular adenocarcinoma, mucinous adenocarcinoma, and signet ring cell carcinoma. According to the postoperative chemotherapy strategy, the patients were divided into three groups: no chemotherapy, 1--3 cycles of chemotherapy and ≥ 4 cycles of chemotherapy. Postoperative complications included infection, anastomotic leakage, postoperative hemorrhage and intestinal obstruction occurring within 60 days after radical gastrectomy. The main patterns of recurrence were recorded as the first site of detectable failure at the time of diagnosis. The recurrence patterns included locoregional recurrence (gastric or nodal), hematogenous metastasis (such as liver, lung, and bone), distant lymphatic recurrence, peritoneal implantation (peritoneal nodules, ascites, and Krukenberg tumors), and multiple recurrence patterns.

Postoperative Follow-Up {#s0002-s2003}
-----------------------

The patients were followed closely until September 2019; the average length of follow-up was 46.9 (range 4.1--194.9) months. Follow-up assessments were performed every 3 months for the first 2 years after surgery, every 6 months for 3--5 years, and yearly thereafter. Routine follow-up consisted of physical examination, laboratory tests, chest radiography, abdominopelvic ultrasonography, computed tomography (CT) and magnetic resonance imaging (MRI). Recurrence-free survival (RFS) was defined as the time from surgery to recurrence. Overall survival (OS) was defined as the time from curative resection of gastric cancer to death or the last follow-up time.

Statistical Analysis {#s0002-s2004}
--------------------

All data were analyzed with SPSS 21.0 (SPSS Inc., Chicago, IL, USA) software. Categorical variables were analyzed with a chi-squared test and Fisher's exact test. Univariate analyses were performed with the Kaplan--Meier method. In the multivariate analysis, a Cox regression analysis was applied to identify independent clinicopathological factors that were associated with early recurrence and survival. The survival analyses and curves were established with the Kaplan--Meier method and compared with the Log rank test. P \< 0.05 was considered statistically significant.

Results {#s0003}
=======

Length of Time to Recurrence and Recurrence Patterns {#s0003-s2001}
----------------------------------------------------

The median RFS was 18.2 months (95% CI 15.0--21.4). The early recurrence group included 94 (63.1%) patients, and the late recurrence group included 55 (36.9%) patients. The median RFS of the early recurrence group was 12.2 months (95% CI 10.2--14.1). The median RFS of the late recurrence group was 37.5 months (95% CI 28.1--46.9).

Among the 149 patients, 99 (66.4%) had only one recurrence pattern, and 50 (33.6%) had multiple recurrence patterns. As a single pattern, peritoneal implantation (22.7%) was observed most frequently, followed by locoregional recurrence (22.2%) and hematogenous metastasis (21.5%). The most common site of hematogenous metastasis was the liver, occurring in 18 patients (12.1%) in total and as the only site of recurrence in 16 patients. No patient had solitary distant lymphatic recurrence. The recurrence pattern of distant lymphatic recurrence was accompanied by other recurrence patterns.

Clinicopathological Factors According to the Recurrence Time {#s0003-s2002}
------------------------------------------------------------

The clinicopathological factors of the early recurrence group and the late recurrence group were compared in [Table 2](#t0002){ref-type="table"}. In the early recurrence group, perineural invasion occurred frequently (63.8% vs 36.2% of patients; *χ*^2^=11.946, P = 0.001). In addition, gender, age at surgery, histological type, lymphovascular invasion, depth of invasion, lymph node metastasis, TNM stage, postoperative chemotherapy, postoperative complications, tumor location and recurrence patterns were not significantly different between the two groups (P\> 0.05).Table 2Comparison of Clinicopathological Factors Between Early and Late Recurrence of Gastric Cancer After Curative Resection n (%)Clinicopathologic FactorsEarly RecurrenceLate Recurrence*χ*^2^P-value(n = 94)(n = 55)Gender0.1780.710 Male68 (72.3)38 (69.1) Female26 (27.7)17 (30.9)Age at surgery0.0161.000 ≤60 years64 (68.1)38 (69.1) \>60 years30 (31.9)17 (30.9)Histological type0.4610.554 Well-differentiated tumors21 (22.3)15 (27.3) Poorly differentiated tumors73 (77.7)40 (72.7)Perineural invasion11.9460.001 Negative34 (36.2)36 (65.5) Positive60 (63.8)19 (34.5)Lymphovascular invasion0.9760.395 Negative40 (42.6)28 (50.9) Positive54 (57.4)27 (49.1)Depth of invasion (T stage)4.7330.202 T12 (2.1)3 (5.5) T26 (6.4)5 (9.1) T329 (30.9)9 (16.4) T457 (60.6)38 (69.0)Lymph node metastasis (N stage)3.2630.354 N012 (12.8)13 (23.6) N19 (9.6)4 (7.3) N227 (28.7)16 (29.1) N346 (48.9)22 (40.0)TNM stage2.8970.230 I4 (4.3)6 (10.9) II11 (11.7)8 (14.5) III79 (84.0)41(74.6)Postoperative chemotherapy2.5250.302 016 (17.0)10 (18.2) 1--3 cycles24 (25.5)8 (14.5) ≥4 cycles54 (57.5)37 (67.3)Postoperative complications2.1640.259 Negative87 (92.6)54 (98.2) Positive7 (7.4)1 (1.8)Tumor location6.7100.081 Upper31 (33.0)22 (40.0) Middle41 (43.6)14 (25.5) Lower21 (22.3)16 (29.1) Entire1 (1.1)3 (5.4)Recurrence patterns1.8270.614 Locoregional recurrence21 (22.3)12 (21.8) Hematogenous metastasis22 (23.4)10 (18.2) Peritoneal implantation23 (24.5)11(20.0) Multiple recurrence patterns28 (29.8)22 (40.0)[^2]

Univariate and Multivariate Analyses of Early Recurrence {#s0003-s2003}
--------------------------------------------------------

Univariate analyses were performed with the Kaplan--Meier method. They indicated that perineural invasion (P= 0.002), depth of invasion (P= 0.026), postoperative chemotherapy (P= 0.036), and postoperative complications (P= 0.004) were significant factors associated with early recurrence after curative resection. Gender, age at surgery, histological type, lymphovascular invasion, lymph node metastasis, TNM stage, tumor location and recurrence patterns did not show significant associations with early recurrence ([Table 3](#t0003){ref-type="table"}).Table 3Results of the Univariate Analysis of Factors for Early Recurrence of Gastric Cancer After Curative ResectionClinicopathological FactorsMedian RFS Months (95% CI)*χ*^2^P-valueGender0.1940.66 Male16.3(13.7--18.9) Female19.3(12.8--25.8)Age at surgery00.996 ≤60 years18.3(14.9--21.6) \>60 years16.2(12.2--20.3)Histological type0.2980.585 Well-differentiated tumors18.3(12.3--24.2) Poorly differentiated tumors16.3(12.3--20.4)Perineural invasion9.1540.002 NegativeNR Positive14.2(11.6--16.9)Lymphovascular invasion1.3260.25 Negative19.3(13.2--25.4) Positive16.2(11.8--207)Depth of invasion (T stage)9.2560.026 T1NR T214.3 T311.1(6.6--15.7) T419.3(16.1--22.6)Lymph node metastasis (N stage)1.8040.614 N0NR N115.2(10.5--19.9) N218.2(13.0--23.4) N317.2(13.1--21.4)TNM stage1.6590.428 INR II15.2(4.9--25.5) III17.3(14.8--19.8)Postoperative chemotherapy6.6530.036 014.2(5.3--23.1) 1--3 cycles13.2(3.3--23.0) ≥4 cycles19.3(15.9--22.8)Postoperative complications8.4530.004 Negative18.3(15.4--21.1) Positive3.1(2.2--4.0)Tumor location5.4560.141 Upper19.3(13.2--25.4) Middle15.2(11.4--19.0) Lower17.2(10.0--24.5) EntireNRRecurrence patterns1.6540.647 Locoregional recurrence17.2(11.5--22.9) Hematogenous metastasis12.2(6.5--17.9) Peritoneal implantation19.2(13.5--24.9) Multiple recurrence patterns18.3(13.6--23.0)[^3]

A multivariate analysis was performed using a Cox regression. The independent risk factors associated with the early recurrence of gastric cancer after curative resection were perineural invasion (P= 0.003), postoperative chemotherapy (P =0.036) and postoperative complications (P = 0.042) ([Table 4](#t0004){ref-type="table"}).Table 4Results of the Multivariate Analysis of Factors for Early Recurrence of Gastric Cancer After Curative ResectionFactorsBSEWald*df*PExp(B)95.0% CIPerineural invasion0.6670.2229.0210.0031.9481.261\~3.011Postoperative chemotherapy−0.2780.1334.39110.0360.7570.584\~0.982Postoperative complications−0.8130.4014.12310.0420.4430.202\~0.972[^4]

Survival Analysis {#s0003-s2004}
-----------------

The univariate analysis indicated that perineural invasion (P= 0.004) and postoperative complications (P= 0.001) were significant factors associated with OS. Gender, age at surgery, histological type, lymphovascular invasion, lymph node metastasis, depth of invasion, TNM stage, postoperative chemotherapy, tumor location and recurrence patterns did not show significant associations with OS ([Table 5](#t0005){ref-type="table"}, [Figure 1A](#f0001){ref-type="fig"} and B). The multivariate analysis indicated that OS was independently influenced by perineural invasion (P= 0.011) and postoperative complications (P = 0.007) ([Table 6](#t0006){ref-type="table"}). The median survival time was 25.4 months (95% CI 19.7\~31.1) in early recurrence patients and 62.9 months (95% CI 55.8\~70.1) in late recurrence patients. The median OS of early recurrence patients was significantly shorter than that of late recurrence patients (P\<0.001, [Figure 1C](#f0001){ref-type="fig"}).Table 5Results of the Univariate Analysis of Prognostic Factors for Recurrence of Gastric Cancer After Curative Radical ResectionClinicopathological FactorsMedian OS Months (95% CI)*χ*^2^P-valueGender0.0070.931 Male38.6(34.0--43.1) Female40.6(29.1--52.1)Age at surgery0.6270.429 ≤60 years39.5(32.5--46.6) \>60 years38.6(31.9--45.2)Histological type0.7620.383 Well-differentiated tumors41.6(36.9--46.3) Poorly differentiated tumors36.5(28.5--44.6)Perineural invasion8.210.004 Negative44.6(29.1--60.2) Positive32.4(23.6--41.2)Lymphovascular invasion0.9620.327 Negative41.6(32.6--50.6) Positive35.5(26.7--44.3)Depth of invasion (T stage)1.5250.677 T145.7(30.4--60.9) T240.6(9.3--71.9) T332.4(21.9--43.0) T439.6(33.6--45.6)Lymph node metastasis (N stage)6.2630.099 N064.9(27.2--102.6) N137.6(22.1--53.0) N241.6(34.0--49.2) N333.4(26.4--40.4)TNM stage4.3190.115 I60.9(0--131.5) II39.5(20.7--58.4) III37.5(30.1--44.1)Postoperative chemotherapy5.8440.054 039.6(36.3--42.9) 1--3 cycles20.2(3.5--37.1) ≥4 cycles42.6(30.8--54.3)Postoperative complications10.8920.001 Negative40.6(35.7--45.5) Positive17.3(15.8--18.7)Tumor location1.6510.648 Upper38.6(32.4--44.8) Middle37.5(29.5--45.5) Lower46.6(33.6--59.6) Entire33.4(8.6--58.2)Recurrence patterns2.7400.433 Locoregional recurrence45.7(36.9--54.4) Hematogenous metastasis33.5(22.3--44.7) Peritoneal implantation36.5(32.2--40.9) Multiple recurrence patterns38.6(28.3--48.8)[^5] Table 6Results of the Multivariate Analysis of Factors for the Length of the Survival Time of Gastric Cancer After Curative ResectionFactorsBSEWald*df*PExp(B)95.0% CIPerineural invasion0.4760.1876.45910.0111.611.115\~2.325Postoperative complications−1.0130.3767.2610.0070.3630.174\~0.759[^6] Figure 1Kaplan--Meier curves for overall survival were well separated according to (**A**) perineural invasion, (**B**) postoperative complications and (**C**) the time of recurrence.**Abbreviation:** OS, overall survival.

Discussion {#s0004}
==========

The morbidity and mortality of gastric cancer are very high in China. At present, surgery is still the only way to cure gastric cancer, but recurrence after radical gastrectomy is an important factor affecting the survival of patients. No standard exists for determining the time of early recurrence after radical surgery for gastric cancer. Studies show that the postoperative recurrence of gastric cancer mainly occurs 2 years after surgery.[@cit0005] Most domestic and foreign scholars define recurrence times ≤ 24 months as early recurrence and \> 24 months as late recurrence.[@cit0006]--[@cit0008] Therefore, this study divided early and late recurrence by 24 months. The median RFS was 18.2 months (95% CI 15.0--21.4), and recurrence within 24 months accounted for 63.1%, which is similar to the results of previous studies.[@cit0005]--[@cit0008]

Although numerous studies on the clinicopathological factors related to the recurrence time of gastric cancer after curative resection have been conducted, their conclusions are different. Xu et al[@cit0008] showed that tumor size, lymph node metastasis and adjuvant chemotherapy were independent factors of the early recurrence of gastric cancer after curative resection. Tumor size and TNM stage are both important prognostic factors.[@cit0008] Shiraishi et al[@cit0009] reported that tumor size, lymphatic invasion, the level of lymph node metastasis, the stage of disease, and the extent of lymph node dissection are the factors most significantly associated with early recurrence (within 2 years after gastrectomy). Choi et al[@cit0010] reported that TNM stage and perineural invasion are independent factors of early recurrence and metastasis after radical gastrectomy. In our study, the clinicopathological factors of the early recurrence group and the late recurrence group were compared. In the early recurrence group, perineural invasion occurred frequently. The univariate analysis showed that gender and age at surgery were not related to the early recurrence of gastric cancer after surgery. Perineural invasion, depth of invasion, postoperative chemotherapy, and postoperative complications were significant factors associated with early recurrence after curative resection, which is consistent with most research results.[@cit0008],[@cit0011] However, the multivariate analysis showed that only perineural invasion, postoperative chemotherapy and postoperative complications were independent risk factors involved in the early recurrence of gastric cancer after curative resection. The results showed that depth of invasion was the only synergistic factor of early recurrence after radical gastrectomy, which may have some influence on the time interval of recurrence. However, it was not an independent risk factor involved in early recurrence. Perineural invasion (PNI) is considered a key pathological feature of many other malignancies, including those of the pancreas, colon and rectum, prostate, biliary tract, and stomach.[@cit0012]--[@cit0016] Some authors agree that perineural invasion is the most significant route of extracapsular spread in prostate cancer.[@cit0017] The mechanism of PNI is still unclear. Studies have shown that PNI is related to the interaction among tumor cells, the cell matrix and nerves. On the one hand, nerve tissue promotes tumor proliferation and invasion through specific signals; on the other hand, tumor cells can lead to the formation and extension of nerve cell axons and make nerve fibers thicker, which is conducive to the contact, adhesion and migration of tumor cells and nerves.[@cit0018]--[@cit0020] A meta-analysis including 30,590 gastric cancer patients who had undergone curative gastrectomy from 24 studies showed that the median rate of positive perineural invasion was 40.9% (6.8--75.6%).[@cit0021] The positivity rate of PNI increased when tumors were undifferentiated and the depth of invasion, the size, and clinical stage of tumor increased. It is associated with the recurrence and prognosis of gastric cancer after curative resection.[@cit0016] In our study, the positive rate of PNI was 53% (79/149). PNI was also an independent factor associated with early recurrence and independent prognostic factor. Therefore, for cases with perineural invasion, even if radical resection is performed, the possibility of recurrence is high. Follow-up visits should be regularly performed, which may help to detect early recurrence. Our study suggests that postoperative adjuvant chemotherapy is also an independent risk factor for early recurrence, which is consistent with most research results. Histological type, lymphovascular invasion, lymph node metastasis, TNM stage, tumor location and recurrence patterns did not show significant associations with early recurrence. This finding is not consistent with the findings of the above studies. In the future, we need to expand the sample size of retrospective studies or conduct prospective studies to obtain more accurate results.

To investigate the prognostic value of postoperative complications, the incidence and severity of the complications must be properly evaluated. Clavien and Dindo proposed the CD classification, which is a treatment-oriented and objective standard for postoperative complications.[@cit0022],[@cit0023] In this study, we used the CD classification to assess the severity of complications. We defined the postoperative complications of gastric cancer, including infection, anastomotic leakage, postoperative hemorrhage and intestinal obstruction occurring within 60 days post-surgery, as grade II or more severe complications. Of the 149 patients, 8 cases of postoperative complications occurred, including 1 case of pneumonia, 2 cases of celiac infection, 3 cases of celiac hemorrhage, 1 case of anastomotic leakage and 1 case of intestinal obstruction. Seven cases were in the early recurrence group, and 1 case was in the late recurrence group. In our study, the univariate analysis showed a strong correlation between postoperative complications and early recurrence after curative resection (P = 0.004). The multivariate analysis also showed that it was an independent risk factor involved in early recurrence. Multiple clinical studies have also shown that postoperative complications are independent risk factors involved in the early recurrence of gastric cancer after curative resection.[@cit0024],[@cit0025] Generally, postoperative complications cause a systemic inflammatory response syndrome. Proinflammatory cytokine cascades, including tumor necrosis factor-alpha and interleukins 1, 6 and 8, can affect the function and regulation of cytotoxic T-lymphocytes, natural killer cells, and antigen-presenting cells.[@cit0026]--[@cit0028] IL-6 was shown to increase vascular endothelial growth factor (VEGF) expression in various cancer cell lines, and VEGF was reported to induce tumor angiogenesis, leading to increased tumor recurrence in mice.[@cit0029]--[@cit0031] In addition to its role in promoting angiogenesis, VEGF is also an important immunoregulatory factor in the tumor microenvironment. VEGF can inhibit tumor immunity through the accumulation of suppressive immune cell subtypes, including myeloid-derived suppressor cells and T regulatory cells.[@cit0032],[@cit0033] Residual tumor cells can grow during this postoperative period with host immunosuppression. In addition, patients with postoperative complications were less likely to receive adjuvant therapy or delay the initiation of adjuvant therapy. Thus, the mechanism above are possible mechanisms of early recurrence in patients with postoperative complications.

Conclusions {#s0005}
===========

The survival analysis in this study showed that perineural invasion and postoperative complications were independent risk factors for the survival time of gastric cancer patients after curative resection. The median survival time of early recurrence patients was significantly shorter than that of late recurrence patients, which indicated that patients with early recurrence after curative resection have poorer survival. Based on the results above, our study suggested that patients with perineural invasion should be followed up regularly, which could help to detect early recurrence. Measures should be considered to prevent and decrease postoperative complications to improve long-term outcomes.
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